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(57) ABSTRACT 

An RF amphfier includes an oscillator developing an RF 
input signal to be transmitted. A power amplifier receives the 
RF input signal and amplifies the RF input signal to develop 
an RF output signal. An amplifier control is opera lively 
associated with the oscillator and the power amplifier. The 
amplifier control includes means for developing a control 
signal representing a desired amplitude of the RF output 
signal. A memory stores correction information correlating 
actual amplitude of the RF output signal relative to the 
control signal, and a control varies the power amplifier 
circuit supply voltage using the control signal modified 
responsive to the correction information for the desired 
amplitude. 
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CIRCUIT AND METHOD FOR LINEARIZING cuit. The amplifier control includes means for developing a 

AMPLITUDE MODULATION IN A POWER control signal representing a desired amplitude of the RF 

AMPLIFIER output signal. Memory means store correction information 

correlating actual amplitude of the RF output signal relative 

FIELD OF THE 1^A^ENTI0N 5 to the control signal. Control means vary the power amplifier 

' . . . , . T^r^ J circuit supply voltage using the control signal modified 

This mventioD relates to RF amplifiers and, more • . *• • r _ »u j • j 

. , , . . , r 1- • • i- responsive to the correction information for the desired 

particularly, to a circuit and method for hneanzing ampli- ft d 

tude modulation in a power amplifier. . ^ c . • • » . 

It is a feature of the invention that the oscillator develops 

BACKGROUND OF THE INVENTION a phase modulated RF input signal 

„ J. - , .^^ , J . 1 It is another feature of the invention that the amplifier 

Radio frcquencv (RF) transmitters, such as used in eel- . ^ ^ ■ • • 

xxauiu iiV4u^uL,j v^^y viaii^ujLvi^i , uvu «o ^"^X"'' control circuit comprises a processor circuit. 

lular telephones, develop an RF signal to be transnutted , ^ *. 

through Ihe air. Information is carried on the signal via some " ^l''^'^ °^ Mion that the memory 

form of modulation such as frequency modulation, phase 15 E"**"* * f ^""^^ P^^" "^P''^*' 

modulation, ampUtude modulation, or a combinaUon of o""?"' signal relauve to the control signal. 

these ' ^ another feature of the invention to provide means 

It may be desirable to create a modulated signal with both ^^Pled 'o ^P^&» .""'f if ^'^"^'/^^ monitoring the 

amplimde and phase modulation. With the necessity of amplitude of RF output signal. The amplifier control circuit 

J t ' n J 1- u* • u* J • 1 1 1 in periodically updates the correction information using the 

developing small and hghtweight devices, particularly eel- 20 ^ .^r^ri ... , 1 j ^ j - ^ 

, , . , t • - T . u ifi • momtored RF output signal amplitude and the desired 

lular telephones, it is important that such amplifier circuits ... j' & r 

• ' c . r «• f amplitude, 

use a mmimum of components. One way to salisiy this ^ 

desire is to directly modulate an oscillator phase lock loop ^^"^^ ^n^t^ier feature of the mvenUon that the control 

(PLL) to impart the phase modulation component directly on ^^^^^ comprises a switching regulator developing the 

the signal and then to amplitude modulate the power ampU- 25 power amplifier circuit supply voltage. Alternatively, the 

fier stage connected to a voltage controlled osciUator/phase control means comprises a pulse density generator function 

lock loop (VCO/PLL) combination with the amplitude com- ^^^^ ^s a delta-sigma modulator and a Class D amplifier 

ponent. VCO/PLL circuits exist that have sufficient band- ^tage and a low pass filter developing the power amplifier 

width relative to the information bandwidth of the signal to ^i^cmt supply voltage. 

cause the phase modulation to occur directly on the output 30 It is still a further feature of the invention that the control 

signal without any up-conversion. It remains, however, to means comprises a programmed processor controUmg the 

put an amplimde signal onto this phase modulated signal. oscillator. The oscillator comprises a high speed phase lock 

This is preferably done in the power amplifier stage, as it loop (PLL). The PLL includes a voltage-controlled oscillator 

will permit this stage to mn at high efficiency in a non-linear (VCO) and a divider and a controller for the VCO controls 

mode. The amplitude information could be imparted via 35 the divider integer. In accordance with another aspect of the 

modulating the power amplifier supply voltage, much as was invention, another memory means stores a correction table 

done with amplitude modulated transmitters previously. correlating AM to PM conversion to the control signal and 

However, a difficulty arises in that the transfer function the processor sends a pre-distorted phase control signal to 

between power amplifier supply voltage and signal ampli- ^© PLL. 

tude output may not be linear. ^0 in accordance with a further aspect of the invention, the 

Previously, the above problems have been solved by processor controls the VCO. 
various alternative modulation methods. One is the use of In accordance with still another aspect of the invention, 
quadrature or I/Q modulation of the RF signal directly. This the oscillator comprises a phase modulated voltage- 
requires a linear power amplifier. Also, a linear RF power controlled oscillator. 

amplifier has used an amplitude feedback loop to make the In accordance with a further aspect of the invention there 

RF output track the amplitude of the RF input signal. is disclosed the method of linearizing amplitude modulation 

However, a linear power amplifier is not as efficient as a in a power amplifier of an amplifier circuit comprising the 

non-linear power amplifier. Also, either a linear or a non- steps of developing an RF input signal to be transmitted, a 

linear power amplifier with an amplitude feedback loop has power amplifier receiving the RF input signal and amplify- 

an inherent limit on the loop filtering that may restrict the ing the RF input signal to develop an RF output signal, 

amount of noise that can be suppressed from the varying storing correction information correlating desired amplitude 

voltage supply. of the RF output signal relative to the power amplifier supply 

The present invention is directed to overcoming one or voltage, and varying the power amplifier supply voltage 

more of the problems discussed above in a novel and simple based on variation of the RF input signal to linearize 

manner. amplitude modulation in the power amplifier. 

Further features and advantages of the invention will be 
SUMMARY OF THE INVENTION readily apparent from the specification and from the draw- 
In accordance with the invention there is provided a ^'^S* 
circuit and method for linearizing the output of an amplitude BRIEF DESCRIPTION OF THE DRAWING 
modulated RF amplifier. 

Broadly, there is disclosed herein an RF ampUfier includ- PIG. 1 is a block diagram iUustrating an amplifier circuit 

ing an oscillator developing an RF input signal to be according to a first embodiment of the mvention; 

transmitted. A power amplifier circuit receives the RF input FIG. 2 is a block diagram illustrating an amplifier circuit 

signal and amplifies the RF input signal to develop an RF 65 according to a second embodiment of the invention; 

output signal. An amplifier control circuit is operatively FIG. 3 is a block diagram illustrating an amplifier circuit 

associated with the oscillator and the power amplifier cir- according to a third embodiment of the invention; 
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FIG. 4 is a block diagram illustrating an amplifier circuit 
according to a fourth embodiment of the invention; and 

FIG. 5 is a block diagram illustrating an amplifier circuit 
according to a fifth embodiment of the invention. 

DETAILED DESCRIPTION OF THE 

IlsrvE^moN 

Referring initially to FIG. 1, a transmitter 10 which uses 
an RF amplifier circuit 12 according to the invention is 
illustrated. The transmitter 10 may be a device that transmits 
an RF signal through the air such as in a mobile cellular 
telephone or the like. More generally, the transmitter 10 may 
be utilized in any device which creates a modulated signal 
with both amplitude and phase modulation. ITie invention is 
particularly directed to a circuit and method to leara a 
transfer curve of a power amplifier RF signal amplitude 
output versus supply voltage to linearize amplitude 
modulation, as described more particularly below. 

In the illustrated embodiment of the invention, the trans- 
mitter 10 utiUzcs a digital signal processor (DSP) and related 
circuitry for developing the output signal to be transmitted. 
As will be apparent, the circuit functions could be imple- 
mented in an ASIC, a programmed DSP, or a programmed 
microprocessor, or other similar type device. 

The transmitter 10 includes a waveform generator 14. The 
waveform generator 14 creates the total modulation, includ- 
ing amplitude and phase, appropriate to the digital data 
being transmitted and the modulation characteristics. The 
RF amplifier circuit 12 receives the waveform and delivers 
it to a phase modulation path 16 and an amplitude modu- 
lation path 18. The phase modulation path 16 includes an 
argument function 20 to create a phase modulation signal 
(t»(t). The amplitude modulation path 18 includes a magni- 
tude function 22 to create an amplitude modulation control 
signal A(t) representing a desired amplitude of the RF output 
signal. Various implementations and methods could be used 
to create these signals. Both signals must be time synchro- 
nized such that the net effect through the ampHfier circuit 12 
is to create the desired composite signal at the output of the 
power amplifier represented at a block 24. 

In the phase modulation path 16, the phase modulation 
signal is applied to a conversion block 26. The conversion 
block 26 converts the phase modulation signal to an appro- 
priate format and level necessary for a phase modulated 
oscillator 28. The oscillator 28 can be any form of phase 
modulated source. One example is a voltage controlled 
oscillator (VCO) in a phase-locked loop (PLL), whereby 
either the reference signal is phase modulated with a com- 
plex vector QIQ) modulator or the phase modulation is 
impressed within the loop, as discussed below. The phase 
modulation is now part of an RF signal at frequency fo and 
is amplified by an RF driver stage 30. The RF driver stage 
30 supplies sufBcient signal level to a power amplifier 32 so 
that it is overdriven and the output of the power amplifier 32, 
representing the output 24, only responds to the level of its 
supply voltage. 

In the amphtude modulation path 22, the control signal 
from the magnitude function 26 is applied to a correction 
tabic 34. The correction table 34 is stored in a suitable 
memory of the amplifier circuit associated with the DSP. The 
memory stores an inverse of the transfer curve of the power 
amplifier RF signal ampHtude output versus the control 
signal. Particularly, the correction table 34 modifies the 
value of the desired amplitude to an amplitude that, when 
applied to the system, results in the correct amplitude of the 
RF signal out. The modified control signal is applied to a 
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modulator 36 that creates a sequence of one bit digital 
signals whose- average mimics the input waveform. Any 
pulse density modulator could be used. However, a delta- 
sigma modulator has the advantage that its noise versus 

5 frequency is low at low frequencies and high at high 
frequencies. A Class D amplifier stage 38 boosts the current 
capacity of the modulated signal as its output is either the 
full battery voltage or zero, depending on the binary state of 
the signal input to the modulator 36. The amplified signal is 

10 appUed through a low pass filter 40 with the smooth voltage 
being connected to the drain or collector of the power 
amplifier 32. Thus, when empowered by the power amplifier 
32 on the RF signal from the phase-modulated source, the 
final output signal is the original waveform created by the 

15 waveform generator 14 but now on an RF carrier signal at 
frequency 4- 

To maintain a faithful reproduction of the signal from the 
waveform generator 14 to the output 24, it is necessary to 
continually correct for non-linearities in the amplitude 

20 modulation process. The power level at the output of the 
power amplifier 32 is measured with a power detector circuit 
42. The power signal is sampled at an analog-to -digital 
converter 44. A conversion block 46 converts the power 
level to amplitude by taking the square root and scaling it to 

25 the appropriate level with a constant so that it can be 
compared with the desired amplitude at a block 48. 
Particularly, the block 48 compares the desired amplitude 
from the block 22 and the measured amplitude from the 
block 46 and a new correction value is calculated for the 

30 particular level of the desired amplitude. The new value is 
inserted in the correction table at the block 34 if it is 
sufficiently different from the prior stored value for that 
specific value of the control signal A(t). 

The correction table at the block 34 is maintained over 
varying conditions of temperature, power amplifier loading, 
battery voltage, etc. The maintenance of the correction table 
in the block 34 is easily done at a very low sampUng rate. 

Optionally, the hardware samphng process can be run at 
a sufficiently high rate that a real-time digital feedback loop 
is incorporated using the same hardware and slightly differ- 
ent digital processing. Referring to FIG. 2, a transmitter 110 
according to a second embodiment of the invention is 
illustrated. The transmitter 110 includes an amplifier circuit 

^2 112, Many of the elements of the transmitter 110 correspond 
directly to related elements in the transmitter 10 of FIG. 1. 
For simplicity, these elements utilize like reference numer- 
als. Where the elements are generally similar, they are 
referenced with reference numerals one hundred higher. 

50 In the second embodiment the amplitude modulation path 
118 differs in that the comparison block 48 is replaced with 
a digital comparator 148 and the correction table 34 with a 
digital feedback filter 134. The desired amplitude signal of 
the magnitude function 22 and the measured amplitude 

55 signal fi-om the conversion block 46 are input to the digital 
comparator 148 appropriate to a digital feedback loop. The 
output of the digital comparator 148 goes to the digital 
feedback filter 138. The digital feedback filter 134 has a 
cutoff frequency sufficiently large to pass the frequency 

go components of the desired amplitude modulation signal. 
Since the low pass filter 40 will want the lowest possible 
cutoff frequency to remove noi.se from the modulator 36, the 
digital feedback filter 134 will have a cutoff frequency 
higher than that of the low pass filter 40. 

65 Referring to FIG. 3, a transmitter 210 according to a third 
embodiment of the invention is illustrated. The transmitter 
210 includes an amplifier circuit 212. Many of the elements 
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of the transmitter 210 correspond directly to related ele- supply to the driver stage 30 using the voltage controlled 

ments in the transmitter 10 of FIG. 1. For simplicity, these regulator 364 such that the power out of the driver 30 is just 

elements utilize like reference numerals. Where the ele- sufficient to over-drive the power amplifier and not more. As 

mcnts are generally similar, they are referenced with refer- a result, the drive level is reduced as a maximum power out 

ence numerals two hundred higher. 5 of the power amplifier 32, determined by the peak of A(t), 

The amplifier circuit 212 differs from the amplifier circuit ^ TOs happens as the average power level to be 

12 by utilizing a different phase modulation path 216. The f^^'""^'^^ [^^^^^f transmitter 10 is reduced mdependent of 

desired phase modulation signal from the argument function ^ f modulaUon excursions in A(t). With lower dnve 

- -J^. . ^ . i_i 1 1 . , ^ level, when the average power output IS reduced, the modu- 

block 20 IS input to a conversion block 226 which converts u*- ' „ «r *u» „r-, f i-? :1 ; 

. . . .cu- .i^rt lation range or the output power ampliner 32 is increased, 

the pha« modulation signa^^ into a set of binary control lO happens because ihe lower limil on modulation of the 

signals Z,(. to control the divisor number of " frequency '^^ ^^^^ ^ .^^^^^^^ feed-through of RF 

divider 2S6. As a result the dmsor number of the divider amplifier supply voltage. With lower drive 

250 IS changing at a rate equal to the system clock and conditions, the modulation will work to a lower 

creates an averaged divisor ratio that sets Uie character level of drain or collector voltage. Only a few discrete drive 

frequency of a VCO 252 and forces it to track the desired is ^^^^^ ^^^^ ^ established for this, 

phase modulation Signal. A system reference oscillator 254, , r*/.\ - . i .i_ l u .t. 

phase detector 256, and PLL filter 258, along with the When the average of A(t) is below the threshold, then the 

n * le'i J J* J 1 L 1 1 1 modulation signal is now routed to the regulator 364 for 

oscillator 252 and divider 250, make up a phase lock loop . . j - . i. ^ i 

™, ..^ Tie V u^i»r. lu^c^ ^Zi..^^t^A tt,^ ^,.t^,,# supply to the dnve stage 30 where the modulation now 

source 22a that is now bemg phase modulated. Ine output r™. . w .if i-c i-^ • 

f *L ^tr^r^ • 1- J * «i. nn J • * ia in occurs. The contTol to the power amplifier 32 is now set at 

of the VCO 252 is apphed to the RF dnver stage 30. 20 • * i i . n *u i * 

^ , o . , T,r X o . i. r.x^ ^ an appropnate DC level to allow the power amphfier 32 to 

The advantage of using the FIX configuration of FIG. 3 ^ ^ ^^^^^ j^f^^^ ^ ^et at a minimum, consistent 

is that the loop bandwidth is sigmficanUy higher and encom- ^^^^^ ^ ^^^^^^ dissipation 

passes that necessary to pass the phase modulaUon fre- ^ ^^^^^ ^^^^^^^ ^ t^e average power of A(t) 

quency components. continues down through lower output classes, the DC level 

Referring to FIG. 4, a transmitter 310 according to a to the power amplifier is also dropped to keep power 

fourth embodiment of the invention is illustrated. The trans- dissipation to a minimum for all average output levels, 

mitter 310 includes an amphfier circuit 312. Many of the Referring to FIG. 5, a transmitter 410 according to a fifth 

elements of the transmitter 310 correspond directly to embodiment of the invention is illustrated. The transmitter 

related elements in the transmitter 10 of FIG. 1. For 4IO includes an amphfier circuit 412. Many of the elements 

simplicity, these elements utilize like reference numerals. transmitter 410 correspond directly to related ele- 

Where the elements are generally similar, they are refer- ^nents in the transmitter 10 of FIG. 1. For simplicity, these 

enced with reference numerals three hundred higher. elements utilize like reference numerals. Where the ele- 

The amphfier circuit 312 differs from the amplifier circuit ments are generally similar, they are referenced with refer- 

12 of FIG. 1 in providing a range of amplitude modulation ence numerals four hundred higher, 

that is larger than can be supported by just varying supply j^^ amphfier circuit 412 includes a phase modulation 

voltage to the power amphfier 32 alone. p^th 416 modified from the phase modulation path 216 of 

The desired amplitude signal A(t) from the magnitude FIG. 3 to use a two point method of phase modulating the 

function block 22 is appHed to a threshold detector 360. The VCO/PLL to extend spectrum capability. An oscillator 428 

threshold detector 360 determines whether the average of 40 includes conversion blocks 426 and 470 that receive the 

the control signal is greater than or less than a preselect desired phase modulation signal. The conversion block 470 

value Ay. The threshold detector 360 controls operation of a scales and formats the phase modulation signal for use in a 

switch 362. The switch 362 determines a level Al used for second modulation path. The first path is that discussed 

controlling the power amplifier 32 and a value HI for above relative to FIG. 3. The phase modulation due to the 

controlUng the RF driver stage 30. The value HI is applied 45 first path only appears on the RF signal with spectral 

to a voltage controlled regulator 364 to supply the RF driver components out to the loop bandwidth of the PLL. The 

stage 30. The value Al is used subsequently as the desired second path supplies the same phase modulation, now scaled 

amphtude control signal in the amplitude modulation path and formatted by the conversion block 470 into a D/A 

318. converter 472 which is input to the VCO 452. As a result, the 

The threshold detector 360 and switch 362 are pro- 50 phase modulation signal is now imparted directly into the 

grammed to implement the following logic. For desired VCO tuning port. ITiis permits phase modulation spectrum 

amplitudes where the average of A(t) is greater than Ay- the components in excess of the loop bandwidth to be impressed 

switch 362 routes the signal A(t) to Al and sets HI to a DC onto the RF signal. 

level, dependent on the average of A(t), such that the signal U is important that the level and phase of the second path 

from the driver stage 30 is just sufficient to drive the power 55 match the level and phase of the first path so that the 

amplifier 32 into saturation at the maximum output power it frequency response of the composite paths is flat. The levels 

will be required to dehver. For amphtudes where the average and phasing with respect to each other can be readily 

of A(t) is less than Ap the switch 362 routes A(t) to HI using controlled by the functions implemented in the blocks 14, 

an appropriate scale factor. The value Al is set to a DC level, 20, 426, and 470. The VCO tuning gain in MHz per volt will 

dependent on the average of A(t), such that the power 60 Hkely vary over frequency tunuig range and temperature and 

amplifier 32 is sufSciently biased to be a linear amplifier for manufacture. It is necessary to have a method to measure 

the amphtude modulated signal from the driver stage 30. this parameter periodically. This is done by the amplifier 

Thus, when the average of A(t) is above the threshold, circuit 412 being programmed to command the channel 

then the modulation goes to the power amplifier 32 as through the blocks 470 and 472 to go to zero volts. The 

described above relative to FIG. 1. At the same time, the 65 phase detector 456 is often the kind that is digital with 

threshold information is also used to determine the maxi- charge pumps. This enables the phase detector 456 to also be 

mum output level from the power amplifier 32 and to set the a frequency detector function for purposes of the cahbration. 
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It may be advantageous to modify the phase detector 456 to 5. The RF amplifier circuit of claim 1 further comprising 

more readily extract frequency measurement information, as means coupled to the amplifier control for monitoring ampli- 

this is normally not one of its functions in the usual tude of the RF output signal. 

VCO/PLL configurations. The charge pump in the phase 6. The RF amplifier circuit of claim 5 wherein the 
detector is then turned off to the loop filter 458. The $ amplifier control periodically updates the correction infor- 

frequency is the measured with the phase detector 456. The mation using the monitored RF output signal ampUtude and 

voltage from the D/A block 472 is then stepped to a known the desired amplitude. 

value. The frequency into the phase detector 456 is then 7. The RF amplifier circuit of claim 1 wherein the control 

measured. The VCO tuning sensitivity is then computed in means comprises a switching regulator developing the 

MHz per volt. The appropriate scaling factor is then com- power amplifier circuit supply voltage, 

puted for the conversion block 470. Finally, the charge 8. The RF amplifier circuit of claim 1 wherein the control 

pumps are again turned on in the phase detector 456. means comprises a class D amplifier stage developing the 

As is apparent, the transmitter 10 of FIG. 1 illustrates a power amplifier supply voltage, 

basic transmitter design with separate phase modulation and 9. The RF amplifier circuit of claim 1 wherein the control 

amplitude modulation using the method for linearization of means comprises a programmed processor controlling the 

the amplitude modulation in accordance with the invention. oscillator. 

FIGS. 2-5 illustrate alternative transmitter designs using the 10. The RF amplifier circuit of claim 9 wherein the 

same basic method for linearization at the amplitude modu- oscillator comprises a high speed phase locked loop (PLL). 

lation in a transmitter having separate phase modulation. 11. ITie RF amplifier circuit of claim 10 wherein the PLL 

As will be appreciated by one of ordinary skill in the art, includes a voltage-controlled oscillator (VCO) and a divider 
the present invention may be embodied as methods or 20 in a control loop for the VCO controls the divider integer, 

devices. Accordingly, the present invention may take the 12. The RF amplifier circuit of claim 11 wherein the 

form of an entirely hardware embodiment, an entirely soft- memory means stores a conrection table correlating AM to 

ware embodiment, or an embodiment combining hardware conversion to the control signal and the processor sends 

and software aspects. The present invention has been a predistorted phase control signal to the PLL. 
described with respect to the block diagram illustrations of 25 1^. The RF amplifier circuit of claim 11 wherein the 

FIGS. 1-5. It will be understood that many of the blocks can processor controls the VCO. 

be implemented by computer program instructions. These 14- The RF amplifier circuit of claim 9 wherein the 

program instructions, which represent steps, may be pro- oscillator comprises a phase modulated voltage -controlled 

vided to a processor to produce a machine. oscillator. 

Accordingly, blocks of the illustration support combina- 30 1^. The method of linearizing amplitude modulation in a 

tions of means for performing the specified functions in power amplifier of an amplifier comprising the steps of: 

combinations of steps for performing the specified func- developing an RF input signal to be transmitted; 

tions. It will be understood that each block of the a power amplifier receiving the RF input signal and 

illustrations, and combinations of blocks in the illustrations, amplifying the RF input signal to develop an RF output 

can be implemented by special purpose hardware-based signal; 

systems which perform the specified fimctions or steps, or storing correction information correlating amplitude of 

combinations of special purpose hardware and computer Rp o^tp^t signal relative to a power amplifier 

mstructions. supply voltage control signal; and 

Thus, in accordance with the invention there is provided ^^rying the power amplifier supply voltage using the 

an amplifier circuit in which distortion in the supply voltage control signal modified by the correction information to 

to RF output transfer function of the power amplifier is Hnearize amplitude modulation in the power amplifier, 

corrected. This therefore also provides correction in the ^tiQ method of claim 15 wherein the developing step 

modulation input to RF output transfer fimction. comprises developing a phase modulated RF input signal. 

We claim: ... 17. The method of claim 15 wherein the storing step 

1. An RF amplifier comprising: 45 comprises storing an inverse of a transfer curve of the power 
an oscillator developing an RF input signal to be trans- amplifier RF output signal relative to the control signal. 

twitted; 18^ 'rh^ method of claim 15 further comprising the step of 

a power amplifier receiving the RF input signal and monitoring amplitude of the RF output signal. 

amplifying the RF input signal to develop an RF output 19. The method of claim 18 further comprising the step of 

signal; 50 periodically updating the correction information using the 

an ampUfier control operatively associated with the oscil- monitored RF output signal amplitude and the control sig- 

lator and the power amplifier, the amphfier control nal. 

including means for developing a control signal repre- 20. The method of claim 15 wherein the varying step 

senting a desired amplitude of the RF output signal, comprises developing a control signal to a switching regu- 
memory means for storing correction information cor- 55 lator developing the power amphfier circuit supply voltage, 

relating actual amplitude of the RF ou^ut signal re la- 21. The method of claim 15 wherein the varying step 

tive to the control signal and control means for varying comprises developing a control signal to a class D amplifier 

the power amphfier circuit supply voltage using the stage developing the power amplifier circuit supply voltage, 

control signal modified responsive to the correction 22. The method of claim 16 wherein the developing step 
information for the desired amplitude. 60 comprises operating a programmed processor to control an 

2. The RF amplifier circuit of claim 1 wherein the oscillator. 

oscillator develops a phase modulated RF input signal. 23. The method of claim 22 wherein the oscillator com- 

3. The RF amphfier circuit of claim 1 wherein the prises a high speed phase locked loop (PLL). 

amplifier control comprises a processor. 24. The method of claim 23 wherein the PLL includes a 

4. The RF amplifier circuit of claim 1 wherein the memory 65 voltage-controlled oscillator (VCO) and a divider in a con- 
means stores an inverse of a transfer curve of the power trol loop for the VCO and the operating step comprises 
amplifier RF output signal relative to the control signal. . controlfing the divider integer. 
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25. The method of claim 24 further comprising coupling 
the power amplifier output to the divider to compensate for 
phase distortion. 

26. The method of claim 24 wherein the storing step 
comprises storing a correction table correlating AM to PM 
conversion to the power amplifier supply voltage control 
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signal and the processor sends a predistorted phase control 
signal to the PLL. 

27. The method of claim 24 further comprising the step of 
operating the processor to control the VCO. 
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